Dysregulated expression of miRNAs can play a vital role in pathogenesis of leukemia. The shortened telomere length, and elevated telomerase activity in acute promyelocytic leukemia cells are mainly indicative of extensive proliferative activity. This study aimed to investigate the effect of overexpression of miR-138 on telomerase activity, and cell proliferation of acute promyelocytic leukemia NB4 cells. MiR-138 was overexpressed in NB4 cells using GFP hsa-miR-138-expressing lentiviruses. hTERT mRNA and protein expression levels were assessed by qRT-PCR and western blot analysis. For evaluation of apoptosis, annexin-V staining and activation of caspases were assessed using flow cytometry and western blot analysis, respectively. Our data demonstrate that overexpression of miR-138 attenuated the hTERT mRNA and protein expression levels. In addition, cell growth was inhibited, and malignant cells underwent caspase mediated-apoptosis in response to miR-138 overexpression. These findings suggest that loss of miR-138 expression may be associated with increased telomerase activity in NB4 cells.
cute promyelocytic leukemia (APL), is a distinct subtype of acute myeloid leukemia (AML) characterized by accumulation of promyelocytes in the bone marrow, and peripheral blood (1) . The disease is considered to be the most curable subtype of AML, and occurs most often in adults at about 40 years of age (2) . Treatment with all-transretinoic acid (ATRA) and As 2 is a milestone on the road of successful targeted therapy approaches. Recently, there has been a growing interest toward microRNAs (miRNAs) for treatment of some cancers (5, 6) . MiRNAs are known as small, non-coding, and single-stranded RNAs which can regulate cell proliferation, differentiation, and apoptosis (7) (8) (9) (10) . Dysregulation or mutation of miRNAs is associated with development of various human cancers (11) . It has been reported that miRNAs repress the expression of some cancer-related genes, and may be considered as a tumor suppressor (11, 12) . MiR-138 exhibits tumor suppressor activity in different types of human malignancies (13) (14) (15) . Recent studies have indicated that miR-138 is significantly reduced in leukemia cells in comparison with normal hematopoietic cells, and is associated with drug resistance (16) .
Human telomerase reverse transcriptase (hTERT) has been shown as a potential target of miR-138 (17) . Telomerase is composed of a catalytic subunit (hTERT), and RNA template (hTERC) which can maintain the telomere length by reverse transcriptase activity (18) . It has been shown that overexpression of miR-138 can downregulate hTERT protein expression in human anaplastic thyroid carcinoma, and neuroblastoma cells (19, 20) . Telomerase activity is suppressed during somatic development, and reactivated in malignant cells (18) . Reactivation of telomerase has been observed in 90 % of all human cancers, suggesting that its activation is a critical step in cellular immortalization, and tumorigenesis (21) . It is known that suppression of hTERT activates caspase cascade, and triggers apoptosis in human bladder cancer cell line (22) . Activation of apoptotic caspases, the most important components in initiation and execution of apoptosis plays the critical role in cancer regression (23) . Ultimately, caspase cascade activation results in proteolytic cleavage of poly ADP ribose polymerase (PARP), and development of apoptosis (24) .
In the present study, we sought to investigate the therapeutic potential of miR-138 in APL-derived NB4 cells. To achieve this goal, we overexpressed miR-138 in NB4 cells using lentiviral vectors. Our findings revealed that overexpression of miR-138 inhibits cell growth and induces apoptosis in NB4 cells. 
Materials and methods

Cell culture
Apoptosis assay
To investigate the effect of overexpression of miR-138 on NB4 cell death, apoptosis assay was done using Annexin-V Apoptosis Detection Kit II 
Lentivirus production
The 
Western blot analysis
Cells that were transduced with GFP hsa-miR- 
Statistical analysis
Data were analyzed using two-tailed student ttest. A P value<0.05 was considered to be significant.
Results
Overexpression of miR-138 inhibits cell growth in NB4 cells
NB4 cells were transduced with either GFP hsa-miR-138-expressing lentiviruses or GFPexpressing lentiviruses as a blank or negative control, and then transduction efficacy was evaluated with flurescent microscopy ( Figure 1A ).
The effect of miR-138 overexpression on cell metabolic activity was investigated using MTT assay at 0, 24, 48, 72, 96 and 120 h after removal of the lentivirus-containing medium. As shown in Figure 1B , transduction of cells with miR-138 reduced cell viability in NB4 cells.
hTERT expression and telomerase activity are inversely correlated with miR-138 overexpression in NB4 cells
We focused on the hTERT, a potential target gene of miR-138 (27) . It has been reported that hTERT mRNA is overexpressed in AML patients (28) , and it has been shown that hTERT is necessary to prevent apoptosis, and induce cell proliferation (15, 29) . We measured hTERT mRNA 
